Several epidemiologic studies (1-3) have reported the magnitude of the risk associated with increased mammographic density to be between fourfold and sixfold, exceeding that of most other predictors of breast cancer. In these studies, this increased breast cancer risk was not explained by other traditional breast cancer risk factors. Despite the level of evidence of an independent association with breast cancer and the large number of women who are having routine mammographic screening, mammographic density is perhaps the most undervalued and underutilized risk factor in studies investigating the causes of breast cancer. Many studies of breast cancer risk have not included measures of mammographic density either because of practical reasons, such as difficulty in obtaining mammographic images and in assessing features in a systematic manner, or because of misconceptions stemming from the interpretation of early studies of mammographic features. The fact that this strong predictor of risk has been overlooked in many studies of breast cancer seems particularly unfortunate because of the profound implications to both cancer screening and etiology that attention to these factors may have. Thus, to fully comprehend the causes of breast cancer, we need to understand the role of breast density in the disease process and to identify the determinants of mammographic density. To avoid some of the methodologic problems inherent in the early studies, investigators incorporating mammographic density in their research must pay close attention to the potential for bias inherent in their study design, in their assessment and quantification of mammographic features, and in their interpretation of findings (4) (5) (6) .
Since first reported by Wolfe (7) in 1976, interest in mammographic features as a predictor of breast cancer has fluctuated. In Wolfe's early studies, mammographic features were assessed primarily from xeromammographic images and classified into four categories based on the visual interpretation of the relative amount of dense tissue and the characteristic appearance of the breast tissue. In response to Wolfe's initial reports of very high breast cancer risk that was associated with the high breast density patterns, many others have also evaluated the associations between mammographic features and breast cancer risk (4, 5) . Since these other studies did not all confirm the initially reported association, many were willing to dismiss any possible association. Many of the nonconfirmatory studies, however, did not consider the potential bias from the use of lower contrast filmscreen images, not blinding the radiologist reading the mammogram to case status, use of diagnostic images for assessment, and inadequate training of the radiologist (6, (8) (9) (10) . The assessment of ''parenchymal patterns,'' even by trained radiologists, was highly variable in many of these studies, although the differences in assessment decreased after specific training in the recognition of mammographic features (9, 10) . The studies that were designed to minimize these potential sources for bias consistently reported the association between mammographic features and breast cancer risk (4, 5) .
Subsequent studies (2, 11) evaluating the components of the parenchymal patterns reported that visual estimation of the percentage of the breast with dense tissue into five or six categories predicted breast cancer risk. To improve upon the visual assessment, Wolfe et al. (12) first reported marking and measuring, with a manual planimeter, the area of the breast with dense appearance and the total breast area on the mammogram. From these measurements, one could calculate the percentage of the breast area with any mammographically dense tissue, a measure now known as ''breast density'' (12) . This measurement technique minimized both the variation due to the subjective measure of mammographic features and the difficulty of visually assessing relative area from an irregularly shaped image. The percentage of breast density was thus measured reliably on a continuous scale. The measurement of breast density has been adapted in several subsequent studies, using either a computerized planimeter or an interactive software system, where the radiologist reading the mammogram determines the gray-scale threshold for a digitized image to identify dense tissue (2, 3) . These studies that measured mammographic breast density reported that women whose breast tissue is predominantly dense (>75% of total breast area) were at a greater than fourfold increased risk of developing breast cancer than women with little or no breast density (1-3).
In this issue of the Journal, Pankow et al. (13) report their findings from a segregation analysis of cross-sectional, multigeneration information evaluating whether the transmission of a major gene influences mammographic density. Incorporating the assessment of mammographic features into this epidemiologic and genetic study of breast cancer families enabled these researchers to evaluate predictors of mammographic density at this time and to determine the role of mammographic density in the
with a dominant, recessive, or codominant major gene. The authors based their choice of a mendelian dominant major gene on the slightly smaller Akaike's Information Criterion (AIC) that is associated with this model (AIC of 10 889.88 versus 10 892.45 or 10 891.88 for the recessive and codominant models, respectively). With such minimal differences in these models, however, extreme caution must be observed in identifying one mode of inheritance over another. The possible associations with the mendelian models of genetic inheritance and the rejection of the non-mendelian models in the study by Pankow et al. occurred only when other measured breast cancer risk factors were considered simultaneously. Of greater interest is the finding that, even if the hypothesis of a dominant mendelian model of inheritance is correct, this model would explain less than 30% of the variance in breast density among participants in this study. While any nondifferential misclassification of breast density may be partially obscuring a stronger association, additional genetic and/or environmental factors, not measured in this study, are also likely to play a role in determining breast density.
Data are limited regarding familial patterns in mammographic features (14, 15) . A previous study from a referral hospital (14) indicated that the mammographic features from mother-daughter and sister-sister pairs were more similar than those from unrelated pairs of women of comparable ages. Comparing the breast density in 65 mother-daughter pairs and 275 sister-sister pairs, Pankow et al. (13) reported statistically significant, although fairly modest, correlations in sister-sister pairs and lower nonsignificant correlations in mother-daughter pairs. Acknowledging the limitation that these correlations were adjusted only for two covariates simultaneously, the authors suggested that the smaller number of mother-daughter pairs and the absence of information from fathers may explain the difference in the magnitude of the correlations. In this regard, the authors failed to consider a possible limitation of their study design. Since the mammograms were all obtained within a few calendar years, the mammograms of mothers and daughters reflect the mammographic features of women of different generations. Breast density changes throughout a woman's life. Adjustment for age (or age 2 ) in this study design would not be adequate. Ideally, one would like to know whether the breast density assessed from a woman's mammogram at a given age correlates with the breast density from her daughter's mammogram when her daughter is the same age.
Having mammographic information from only one point in time may have constrained the ability of Pankow et al. to assess the potential for genetic influence on breast density. While many known factors are associated with a woman's breast density, Pankow et al. found that only about 30% of the variance in breast density can be explained by the traditional breast cancer risk factors. Despite knowing that a woman's breast density changes during her lifetime, to date the published studies of breast density and breast cancer risk have all assessed breast density from one mammographic examination. Whether changes in breast density modify a woman's breast cancer risk is unknown. While mammograms in premenopausal women have been found to predict postmenopausal breast cancer risk and breast density assessed on mammograms taken 10 or more years previously predicts breast cancer risk, if the true risk is only in the women whose breast density does not change, then the magnitude of the effect for those with dense breast patterns that do not change may be even greater than that previously reported (3). Our need to better understand the predictors of breast density and to evaluate the impact of change in breast density on breast cancer risk becomes more relevant when change in breast density is considered an intermediate end point that can be used to evaluate potential breast cancer prevention strategies, as has been proposed (16) .
In designing future studies that will assess breast density, all attempts should be made to minimize the potential misclassification of breast density. Rather than rely on an individual to visually estimate 20 categories of breast density, as was done in the study by Pankow et al. (13) , methods to mark and measure the area of mammographic density that are easily performed should be considered. Individuals assessing breast density should demonstrate that they are identifying the features of breast density that are associated with breast cancer risk, either by comparison with others who have reported this measured risk or in a pilot assessment study. Many well-qualified individuals may be consistent in their assessment, but they may not be measuring the appropriate aspect of breast density. Previous studies (9, 10) have reported that the gradient in breast cancer risk generally increased after training was given in assessment techniques. Although it is not possible to assess the impact of such misclassification in the study by Pankow et al., these two study aspects-training the reader and measuring the breast density-should be considered in future studies.
A proposed epidemiologic study of the cause of breast cancer that did not intend to assess menopausal status, use of postmenopausal hormones, parity, or age at first birth would be considered incomplete even though each of these factors is associated with only a moderate change in breast cancer risk. However, increased breast density, which is associated with a much greater increase in risk, is typically overlooked. Pankow et al. (13) are to be credited for the inclusion of mammographic assessment in the baseline measures in their epidemiologic and genetic followup study of breast cancer families. Their analysis is consistent with a genetic component being one of the factors influencing mammographic density. Perhaps the most notable result of their analysis, however, is the implication that a large number of the factors that may influence mammographic density are unknown at this time. Since more than 46% of breast cancers in some studies are attributable to having any measurable breast density (3), a better understanding of what is measured by mammographic density, what factors predict mammographic density, and what happens to breast cancer risk if mammographic density changes are three areas particularly in need of further research. So as not to repeat past problems, studies of mammographic features must make an extensive effort to conduct a standardized assessment of measured breast density, which would include assessment of both the validity and the reliability of the measures used.
